Introduction {#s0001}
============

Gynecological cancers (GC) are common diseases of the female reproductive system.[@cit0001] The overall incidence rate is second only to breast cancer in women, which seriously threatens women's lives and physical and mental health.[@cit0001],[@cit0002] In recent years, with more awareness around gynecological diseases and standardized treatment of tumors, the morbidity and mortality of gynecological tumors has declined.[@cit0001]--[@cit0003] However, some patients still relapse or develop metastases within 2‒3 years after treatment.[@cit0004],[@cit0005] Many patients develop pelvic or distant metastases during or after treatment, which can be metastatic to bones, liver, brain, lungs or kidneys. In China, GC accounts for about 12% of all cancer types in women.[@cit0001] The most common types are cervical cancer, endometrial cancer, and ovarian cancer, with 98,900, 63,400, and 52,100 newly diagnosed cases each year, respectively, and in total, 30,500, 21,800 and 22,500 patients, respectively, die from these diseases.[@cit0001],[@cit0002] When spinal metastasis occurs, patients often suffer from unbearable pain, pathological fractures, or the serious complications of quadriplegia, which seriously affect quality of life and survival. However, awareness of MSGC in practice is low and patients often do not receive adequate treatment.

The spine is the most common site of bone metastasis. According to reports, the incidence of clinical bone metastases in cervical cancer is about 1.1--5.2%, and spinal metastases account for 46.7--59.0% of all bone metastases.[@cit0006],[@cit0007] Endometrial cancer has a bone metastasis rate of about 0.3--1.8%, and a spinal metastasis rate of 36.2--44.8%.[@cit0008],[@cit0009] The rate of bone metastases from other GCs (eg, ovarian cancer, fallopian tube cancer) is relatively low (\< 1%).[@cit0010]

In recent years, the crucial role of surgery in the treatment of spinal metastatic tumors has been gradually recognized and widely accepted. However, because it is often overlooked in clinical practice, the clinical diagnosis and optimal treatment of MSGC is yet to be defined. Liu et al reported 6 cases of patients with MSGC and emphasized the importance of spinal surgery.[@cit0011] Gao et al also reviewed 28 consecutive patients with MSGC, 28 of whom underwent surgical treatment, and identified potential factors associated with spinal metastasis and the prognostic factors influencing OS.[@cit0003] However, the surgical methods reported in the study were varied, which may affect the reliability of the authors' conclusions therefore further studies with larger sample sizes are needed. Here, we report the clinical characteristics and comprehensive diagnosis and treatment experience of 14 patients with MSGC who were diagnosed and treated in a single center for 10 years. Our study includes one of the largest sample size reported so far and is designed to improve clinical awareness.

Materials and Methods {#s0002}
=====================

This was a retrospective analysis of 14 consecutive MSGC patients who underwent spinal surgery at our orthopedic oncology center from January 2010 to January 2020. The study was approved by the hospital ethics committee and informed consent was obtained from all patients.

All 14 patients had pathologically confirmed gynecological cancer and underwent surgical resection or biopsy of the primary tumor before admission. Diagnosis of MSGC was confirmed based on the following three criteria: (1) imaging findings consistent with MSGC based on standard X-ray, computed tomography (CT), magnetic resonance imaging (MRI), bone scan or fluorodeoxyglucose (FDG) positron emission tomography-computed tomography (PET/CT); (2) a history of major gynecological cancer; (3) diagnosis confirmed by biopsy or open surgery pathological specimens. Preoperative neurological status was classified according to Frankel score and American Spinal Injury Association (ASIA) injury classification. The quality of life of all patients was evaluated using the Karnofsky score, Eastern Cooperative Oncology Group (ECOG) score, and visual analogue scale (VAS) scoring. Surgery was performed by the team led by Professor Liu. The spinal instability neoplastic score (SINS) system was used to assess the stability of the spine, and the revised Tokuhashi and Tomita scoring systems were used to assess prognosis and assist in the development of surgical procedures. The two researchers conducted a detailed review and summary of patients' clinical and surgical records, clinical data, imaging data and pathology reports. PET-CT was performed to identify possible metastatic sites. Frankel score, VAS and ECOG score were used to assess neurological status, pain level and performance status, respectively. Retrospective analysis was performed taking into account basic clinical data, spinal metastasis site, Frankel score, Karnofsky performance score (KPS), SINS, VAS, revised Tokuhashi score, Tomita score, urinary and fecal conditions, spinal pathological fractures, primary tumors, extraspinal spinal metastases, visceral metastases, and bone damage (osteolytic, osteogenic or mixed).

Surgical indications included: 1) initially defined spinal metastases with unbearable pain or neurological deficits; 2) disease control not achieved by conservative treatment; 3) no clear surgical contraindication after comprehensive evaluation by subspecialties; 4) the opinions of the obstetrics and gynecology department taken into account; 5) patients undergoing surgery provided informed consent. According to the location and scope of spinal tumors, individualized surgical strategies should be adopted for each patient. Adjunctive treatment recommendations were also needed postoperatively according to the individual condition of the patient.

Radiological assessments (spine X-ray, CT or MRI) were performed regularly at 3 and 6 months after surgery, followed by periodic assessments every 6 months for the next 2 years, and then periodically every year. For patients showing tumor progression, PET-CT was recommended for detailed evaluation. Follow-up data were collected during outpatient visits and telephone interviews. During follow-up, neurological function and improvement quality were reassessed according to the VAS score, Frankel and Karnofsky scoring systems. The follow-up period was defined as the interval from the date of spinal surgery to the date of death, or until the last follow-up.

Statistical Analysis {#s0002-s2001}
--------------------

PFS was defined as the time period between the date of spinal surgery for spinal metastasis and the date of recurrence or progression of spinal metastases observed by imaging examination. OS was defined from first day of imaging until the patient's death due to disease or spinal metastasis until the end of May 2020. Quantitative data are expressed in terms of counts and percentages using mean or median (range) and qualitative description data. The Kaplan--Meier method was used to evaluate the survival rate, and the Log rank test was used to determine the difference. P \< 0.05 was considered statistically significant. All statistical calculations were performed using SPSS Statistics version 23.0 (IBM corp., New York, USA).

Results {#s0003}
=======

Patient Characteristics {#s0003-s2001}
-----------------------

The clinical data of all patients are listed in [Table 1](#t0001){ref-type="table"}. The average age was 51.9 years (range 25‒70), and all patients underwent spinal surgery. The average time from the initial surgery to the discovery of spinal metastasis was 60.3 months (range 2‒180). Common symptoms in patients with spinal metastases included progressively intractable or persistent pain, muscle weakness, numbness of the limbs, and even paraplegia or diarrhea. The preoperative duration of symptoms was 2.8 months (range 0.3‒6).Table 1Clinical Review of 14 Patients with Metastatic Spinal Gynecologic Cancer in Our Single CentrePatientsOperationsAge (y), SexSymptoms and SignsSpinal Metastases LocationIncomplete Paralysis or ParalysisResection of Primary LesionSurgeryAdjuvant\
TreatmentPerioperative Complications1156, FBack painT6NoYesPosterior decompression, tumor resection as well as internal fixationChemotherapy, radiotherapyNone2252,FBack painL3NoYesPosterior decompression, tumor resection as well as internal fixationChemotherapy, radiotherapyNone3336,FRadiating pain and numbness of his lower limbsT7NoYesPosterior decompression, tumor resection as well as internal fixationChemotherapyNone4468,FBack painL4NoYesPosterior decompression, tumor resection as well as internal fixationChemotherapyNone5547,FProgressive back pain and incomplete paralysisT12, L1, L5, S1Acute incomplete paralysisYesPosterior decompression, tumor resection as well as internal fixationChemotherapy, radiotherapyNone6670,FProgressive back painL1NoYesPercutaneous vertebroplastyChemotherapy, radiotherapyNone7725,FWeakness of bilateral lower limbs with dysuria and defecationT5, 7, 10--12, L3Acute incomplete paralysisYesPosterior decompression, tumor resection as well as internal fixationChemotherapyNone8867,FBack painT2NoYesPercutaneous vertebroplastyChemotherapyNone9957,FPain and numbness of left lower extremityL5, sacrumNoYesPosterior decompression, tumor resection as well as internal fixationChemotherapy, radiotherapyNone101048,FLow back painT11NoYesPercutaneous vertebroplastyChemotherapy, radiotherapyNone111167,FLow back painT8NoYesPercutaneous vertebroplastyChemotherapy, radiotherapyNone121230,FProgressive back pain and complete paralysis, bowel and bladder disturbancesT9, T10Acute complete paralysisYesPosterior decompression, tumor resection as well as internal fixationChemotherapy, radiotherapyNone131352,FLow back painL5NoYesPercutaneous vertebroplastyChemotherapy, radiotherapyNone141452,FLow back painL3NoYesPercutaneous vertebroplastyChemotherapyNone

All 14 patients underwent surgical resection of the primary lesion. Postoperative pathology confirmed that the main tumor types included 7 cases of cervical cancer (50.0%), 4 cases of endometrial cancer (28.6%), and 2 cases of ovarian cancer (14.3%), and 1 case of fallopian tube carcinoma (7.1%). Of all 14 patients, 10 had unsynchronized metastasis (spine metastasis occurred after diagnosis of GC). Before admission, all patients received neoadjuvant chemotherapy, and 9 received radiation therapy.

Characteristics of Spinal Metastases {#s0003-s2002}
------------------------------------

In our case series, the lesions were mainly located in the thoracic spine (8 cases), lumbar spine (8 cases) and sacrum (2 cases), with 10 cases (71.4%) and 4 cases (28.6%) suffering from single focus and multiple focus spinal metastatic disease, respectively. The largest disease burden was seen in one patient with 6 spinal segments involved.

Overall, 13 cases showed osteolytic changes and one patient showed osteogenic changes. Eight patients had vertebral compression fractures ([Figure 1](#f0001){ref-type="fig"}) and spinal MRI showed that 42.9% (6/14) of patients had spinal epidural compression, and 42.9% (6/14) had spinal lesions with paravertebral expansion. Six (42.9%) patients had uncontrolled visceral metastases involving the brain, liver, and lung, before spinal surgery.Figure 1Radiographic and pathological images of a representative 30-year-old female patient (Case \#12). (**A**) Preoperative X-ray. (**B, C**) Preoperative sagittal MRI scan revealing vertebral fracture caused by spinal metastases. (**D**) Bone scan revealing metastasis of the spine. (**E, F**) Postoperative X-rays of the thoracic spine. (**G**) Microphotography showing significant nuclear pleomorphism with prominent nucleoli (H&E, original magnification 100×).

Treatment and Follow-Up {#s0003-s2003}
-----------------------

Before spinal surgery, 11 patients (80.0%) had normal neurological function (Frankel grade E). Two patients (14.3%) were Frankel grade C, and one patient (7.1%) was Frankel grade A. Therefore, 3 patients (21.4%) were deemed to have neurological defects before surgery. Surgical treatment was performed by the team of Professor Liu in our department, after at least 5 years of professional training. A total of 14 operations were performed, including eight patients who underwent posterior tumor resection, spinal cord decompression, and titanium rod system spinal reconstruction ([Figure 2](#f0002){ref-type="fig"}). The average blood loss during operation was 650 mL (range 100‒1200). Six patients underwent minimally invasive bone cement percutaneous vertebroplasty ([Figure 3](#f0003){ref-type="fig"}), with an average blood loss of 35 mL (range 20‒30) during the operation. No obvious complications occurred during the perioperative period, and the original treatment plan continued after the operation in all cases. All 14 patients received bisphosphonate treatment after surgery. The results of postoperative immunohistochemistry supported the pathological diagnosis of MSGC. For isolated spinal metastatic lesions, we prefer total resection. Eight patients in this study underwent open surgery to maximize the removal of spinal metastatic disease, supplemented with postoperative adjuvant therapy. Six patients underwent percutaneous bone cement reconstruction to maximize the stability of the spine, supplemented with postoperative adjuvant therapy. During the 3-month follow-up, the neurological status of 3 patients with nerve injury showed a Frankel score improvement of 1‒2 grades. In our series, the most common histological subtypes were cervical cancer (n=7, 50.0%), endometrial cancer (n=4, 28.6%), ovarian cancer (n=2, 14.3%), and fallopian tube carcinoma (n=1, 7.1%). The OS was 19.2 months (range 2‒55). Fourteen patients underwent an average of 19.2 months (2‒55) of postoperative follow-up. The 1-year and 2-year survival rate of all patients was 64.3% and 21.4%, respectively.Figure 2Radiographic and pathological images of a representative 57-year-old female patient (Case \#9). (**A, D**) Preoperative CT and MRI scan revealing vertebral metastases. (**B, C**) Positron emission tomography-computed tomography revealing metastases of the spine. (**E, F**) Postoperative X-rays of the lumbar spine. (**G**) Microphotography showing significant nuclear pleomorphism with prominent nucleoli (H&E, original magnification 100×).Figure 3Radiographic and pathological images of a representative 67-year-old female patient (Case \#8). (**A, B**) Preoperative X-rays. (**C, D**) Preoperative MRI revealing vertebral metastases. (**E, F**) X-ray images of the thoracic spine obtained postoperatively. (**G**) Microphotography showing significant nuclear pleomorphism with prominent nucleoli (H&E, original magnification 100×).

Univariate Analysis of Prognostic Factors {#s0003-s2004}
-----------------------------------------

According to Kaplan--Meier curve analysis ([Figure 4](#f0004){ref-type="fig"}) and the log rank test, extraosseous visceral metastasis (p = 0.024), revised Tokuhashi stage (p = 0.025), Tomita stage (p = 0.005), and number of spinal lesions (p = 0.038) were associated with OS ([Figure 5](#f0005){ref-type="fig"}). Extraosseous visceral metastasis (p = 0.026), revised Tokuhashi stage (p = 0.014), Tomita stage (p = 0.001), and gynecological cancer type (p = 0.039) were associated with PFS ([Figure 6](#f0006){ref-type="fig"}). No significant differences were found among other factors.Figure 4(**A**) Overall survival of all patients enrolled in our study. (**B**) Progression-free survival of all patients enrolled in our study.Figure 5Univariate analysis of prognostic factors affecting overall survival. (**A**) Extraosseous visceral metastasis (p = 0.024). (**B**) Revised Tokuhashi stage (p = 0.025). (**C**) Tomita stage (p = 0.005). (**D**) Surgery (p = 0.365). (**E**) Number of spinal lesions (p = 0.038). (**F**) Types of gynecological cancer (p = 0.111).Figure 6Univariate analysis of prognostic factors affecting progression-free survival. (**A**) Extraosseous visceral metastasis (p = 0.026). (**B**) Revised Tokuhashi stage (p = 0.014). (**C**) Tomita stage (p = 0.001). (**D**) Surgery (p = 0.422). (**E**) Number of spinal lesions (p = 0.135). (**F**) Types of gynecological cancer (p = 0.039).

Discussion {#s0004}
==========

GC represents multiple tumor types with similar disease origin, clinical diagnosis, treatment, and prognosis. Ovarian cancer has the worst prognosis overall, with a 5-year survival rate of 44.6%, compared with 67.9% for cervical cancer and 81.5% for endometrial cancer.[@cit0011] The prognosis among patients with MSGC from different tumor types is similar. The literature reports that the survival time for patients with bone metastases from cervical cancer and endometrial cancer is 6‒10 months and 10‒15 months, respectively.[@cit0008],[@cit0009] Due to few relevant reports and clinical neglect, the clinical features and prognosis of MSGC are not clear. For malignant tumors, bone metastasis is often a sign of poor prognosis. The average survival time of patients with uterine malignant tumors is 4.8‒6.6 months after the development of bone metastases, and the average time from diagnosis of the primary tumor to the death of patients with bone metastases is 10‒12 months.[@cit0012],[@cit0013] Liu et al reported 6 cases of GC metastases to the spine including review of postoperative survival rates.[@cit0011] The overall survival after spinal surgery was 27 months, and for cervical cancer and endometrial cancer was 32 months and 26 months, respectively. Rades et al reported that 7 patients with ovarian cancer and spinal metastases only received radiotherapy, and the survival time was 1‒7 months (median 4 months).[@cit0014] This study showed that the average survival time after spinal metastasis from gynecologic tumors was 19.2 months (2‒55), and the average survival time from the diagnosis of the primary tumor to death was 60.3 months (2‒180).

Bone metastasis rarely occurs in cervical cancer, with an incidence of 0.8‒2.3%.[@cit0006],[@cit0015],[@cit0016] Among them, spinal metastasis is the most common (36.36%).[@cit0016] Bone metastases from ovarian malignant tumors are rare in the clinic, and reports show that the incidence of ovarian cancer bone metastases is only 0.1‒0.6%.[@cit0017] Some studies have found that bone metastases in patients with cervical cancer and endometrial cancer generally occur within 2 years after the diagnosis of the primary tumor.[@cit0015],[@cit0016],[@cit0018] Abdul-Karim et al reviewed 20 cases of cervical cancer and 17 cases of endometrial cancer and found that 71% of cervical cancer patients developed bone metastasis within 2 years after diagnosis; 4 patients with endometrium cancer developed bone metastasis within 6 months, and 2 patients developed bone metastasis within 2‒5 years.[@cit0019]

The following surgical indications should be strictly grasped: (1) severe symptoms or progressive neurological dysfunction; (2) intractable pain that is ineffective for conservative treatment; (3) pathological confirmation; (4) tumors that are insensitive to radiotherapy and chemotherapy; (5) spinal instability or collapse (6) patients whose expected survival is longer than three months. Due to the development of improved surgical techniques and equipment, surgical interventions have become more widely used in the clinical treatment of spinal metastases to reduce pain, restore and preserve nerve function, and enhance spinal stability. In our retrospective study, a total of 14 operations were performed. Eight patients underwent posterior tumor resection, spinal cord decompression, and titanium rod system spinal reconstruction. The average blood loss during operation was 650 mL (range 100‒1200) mL. Six patients underwent minimally invasive bone cement percutaneous vertebroplasty, with an average blood loss of 35 mL (range 20‒30) during the operation. No clear complications occurred during the perioperative period, and the original treatment plan was continued after the operation. Therefore, we advocate that in patients with neurological deficits caused by metastatic spinal cord compression, open surgery should be performed in a more thorough manner to remove the spinal metastases. For patients without spinal cord compression, percutaneous vertebroplasty can be recommended.

At present, the treatment of patients with MSGC is mainly to relieve symptoms.[@cit0020]--[@cit0022] The purpose of treatment is to relieve pain, prevent the occurrence of pathological fractures, prevent the progression of the disease, improve function, and prolong survival time. Treatment options include comprehensive anti-tumor therapy (surgery + radiotherapy + chemotherapy) and bone resorption suppression therapy (bisphosphonate therapy).[@cit0020]--[@cit0026] Chemotherapy and radiotherapy have been shown to benefit patients with bone metastases from cervical and ovarian cancer.[@cit0020]--[@cit0026] Bisphosphonates have been shown to be effective in preventing bone-related events and alleviating the symptoms of bone pain in patients with bone metastases.[@cit0027] Some scholars believe that simultaneous radiotherapy and chemotherapy can significantly reduce the occurrence of distant metastasis and local lesion progression of cervical cancer cells compared with simple radiotherapy, which may improve quality of life and prolong survival. In our study, 14 patients with MSGC received chemotherapy, and 9 patients received radiation therapy.

The OS after spinal surgery was 19.2 months (range 2‒55), and patients underwent an average of 19.2 months (range 2‒55) of postoperative follow-up. The 1-year and 2-year survival rate for all patients was 64.3% and 21.4%, respectively. Compared to Liu and Zhong's reports, longer survival time was observed in our case series. There may be two reasons for this conclusion; our study adhered to more stringent indications for surgical intervention and patients with advanced disease were not included. In addition, their study included low patient numbers so it is difficult to draw reliable conclusions. The selection bias inherent in rare and inconsistent retrospective studies can severely affect the statistical results from separate study series.

Our univariate analysis showed that extraosseous visceral metastasis (p = 0.024), revised Tokuhashi stage (p = 0.025), Tomita stage (p = 0.005), and number of spinal lesions (p = 0.038) were related to OS. Extraosseous visceral metastasis (p = 0.026), revised Tokuhashi stage (p = 0.014), Tomita stage (p = 0.001), and gynecological cancer type (p = 0.039) were also associated with PFS. No significant differences were found among other factors. Extraosseous visceral metastasis was also associated with OS (p = 0.043) and PFS (p = 0.044) in patients with MSGC.

The revised Tokuhashi stage and Tomita stage correspond to the general condition and nerve function of the patient.[@cit0028],[@cit0029] Patients with good overall health can withstand surgery and subsequent adjuvant therapy. Conversely, poor general condition and impaired nervous system function mean that surgical treatment may pose a risk to the patient. Visceral metastasis is an important prognostic factor in patients with metastatic spinal tumors. Multiple bone involvement and extraosseous metastasis are also considered to be prognostic factors for bone metastases in cervical cancer and endometrial cancer.[@cit0003]--[@cit0007],[@cit0030] In our series of studies, the number of spinal metastases were closely related to OS in univariate analysis, while the factor did not show significant correlation with PFS. The root cause may be that bone metastasis itself may not directly cause death. On the contrary, visceral metastasis destroys the physiological function of the main internal organs and should be regarded as a fatal factor. The number of spinal metastases overall is also an important concern. In addition, for patients with no visceral metastasis and a small number of spinal metastases, more aggressive surgical treatment may be beneficial to better control spinal lesions, which is also consistent with Tomita and revised Tokuhashi scores.

We found the type of gynecologic cancer to be an potential prognostic factor for the PFS of patients with MSGC, and survival according to tumor type is highest for endometrial cancer, followed by cervical cancer and ovarian cancer. The above conclusion is also consistent with results reported in the literature.[@cit0003]--[@cit0006],[@cit0030] Importantly, there are other subtypes of gynecological cancer such as fallopian tube cancer and endometrial stromal sarcoma that were hardly included in our study; therefore, further research is needed to clarify the clinical features of MSGC and associated prognosis.

However, this study has several limitations. First of all, it is a retrospective analysis, limited by the number of cases. A more accurate and comprehensive statistical analysis cannot be carried out, and it is impossible to identify the specific prognostic factors. Furthermore, this study included only with MSGC patients who underwent spinal surgery but did not include patients who did not undergo spinal surgery. Naturally, this will bring a certain bias in the selection of the results. Since this is a retrospective analysis that lasted over ten years, we could not study the molecular characteristics of tumors during diagnosis and treatment. Besides, a variety of treatment methods for gynecological tumor bone metastasis have developed rapidly over the past ten years, which is another limitation of this study. Despite these limitations, however, this study is one of the most extensive single-center retrospective studies in Asia, focusing on the surgical treatment of MSGC. It took about ten years of more than 1000 patients with spinal metastases at our institution. Thus, it has clinical significance.

In short, spinal metastases in patients with GC are very rare, and MSGC patients have significantly improved quality of life after surgical treatment. The results of this study indicate that revised Tokuhashi stage, Tomita stage, subtypes of gynecological cancer, and the number of spinal lesions are potential prognostic factors for the survival of patients with MSGC. However, due to the limited number of patients and short follow-up time, our understanding of MSGC is still limited. Importantly, the surgical treatment and adjuvant treatment adopted in this study are more standardized than previous reports, and the follow-up results are true and reliable. We look forward to future prospective and large-scale research on this challenging issue, which we hope will improve quality of life and extend survival time in patients with MSGC.
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